Natural thermal convections are a commonly observed and utilized phenomenon in industry. It is used for purposes such as the heat dissipation in heating pipes, and much effort has been spent on researching various aspects of this behavior [1, 2] . These studies have usually focused on theoretical questions in heat transfer, such as heat transport [3] , geometrical dependency [4] , and Prandtl number dependency [5] . In thermal convection, the temperature scalar is "passively" carried and transported by fluid elements, and hence, the investigation of fluid motions [6] can provide valuable information regarding the temperature transport. Researchers analyze the fluid motions via space-time correlations [7, 8] that provide ample information regarding the fluid behavior in both temporal and spatial dimensions. But the formulation of the space-time correlation requires high resolution in both dimensions, which is difficult to achieve even with state-of-the-art measurement 
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techniques. Experimenters have to use the limited velocity information available to estimate space-time correlations. The classical method for the transformation from spatial or temporal correlation to space-time correlation is the Taylor frozen hypothesis [9] , expressed as C( , )=C( -, 0) r r U τ τ
（1）
where C is the correlation function normalized by the root mean square (RMS) value of the velocity fluctuation, r is the space separation, τ is the time delay, and U is the local longitudinal mean velocity. The Taylor hypothesis has several defects, including its conflict with the fact that coherent motions must decay at large spatial or temporal separations. An advanced model for the space-time correlation, called the elliptic approximation (EA) hypothesis [10] [11] [12] , was proposed and is represented by U is the convection velocity and V is the sweep velocity. The EA model gives better predictions for space-time correlations than the Taylor hypothesis and it has been validated by several experimental [13, 14] and numerical simulation studies [15] [16] [17] . The results obtained by Zhou et al. [18] agree well with the EA model in the case of Rayleigh-Bénard convection. Hogg et al. [19] measured the density field of helium-sulfur hexafluoride mixtures using Schlieren method and found that the density scalar also obeyed the EA hypothesis. Wang et al. [20, 21] validated the EA model in a canonical turbulent boundary layer using particle image velocimetry (PIV) data. In this study, the 2-dimensional velocity field that exists in a cylindrical container with a natural thermal convection system was obtained using PIV. The mean motions, fluctuations, and several dynamical characteristic points extracted from the flow were analyzed sequentially. Finally, the space-time correlations around the characteristic points were formulated and analyzed.
Experimental setup
The experiment was carried out in a small convection cell, shown in Fig 
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where Pr is the Prandtl number that denotes the ratio of the momentum diffusivity and the heat diffusivity, μ is dynamic viscosity, c p is specific heat capacity, and λ is thermal conductivity. The temperature difference Δ8 C T ≈  , giving
where Gr is the Grashof number that denotes the ratio of the buoyancy force and the viscous force, g is gravitational acceleration, V α is volumetric expansion coefficient, and ν is kinetic viscosity.
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where Ra is the Rayleigh number. Gr, rather than Ra, is recommended as the criterion that determines the flow state in a convective flow [22] . Fig. 1 . Experimental setup A Dantec PIV system was used for the acquisition of the velocity field in the convective flow. A series of 10800 snapshots of a plane through the diameter was collected with sampling rate 10 Hz. After cross-correlating the particle images, a measurement area of 70×150 mm 2 produced 57×
120=6840 velocity vectors with a vector separation of 1.2657 mm in both x and y directions.
Results and discussions The probability density function (PDF), which is a statistical quantity, corresponding to seven characteristic points has been extracted. PDFs reveal the skewness and concentration of the fluctuations. Points A, C, E, and G at centers of the circulations in Fig. 4 a and Fig. 4 d, it is shown that skewness of the PDFs are related to the locations of the center: in the lower location C, v′ tends to be positive, whereas it tends to be negative in the upper location E. PDFs at points B, D, and F are nearly identical. In Fig. 4 f, it is seen that PDFs of v′ between the center and the interaction region have more distinct peaks compared to those associated with u′ . 
Conclusion
In this study, a natural thermal convection system was established and relevant quantities were measured using PIV. The two-dimensional velocity field was analyzed in terms of the mean motions, fluctuations, and space-time correlations. The obtained mean velocity fields show that the convection is in the transition stage and the system has two pairs of counter-rotating circulations. As a result of the temperature gradient in the vertical direction, the mean motion in the direction normal to the wall is stronger than the streamwise mean motion. In contrast, the fluctuations along the x and y directions have the same order of magnitude, which bring to the fore the distinct characteristics of the mean motion and fluctuating motion. For the different dynamic characteristic points considered, the concentration, and skewness of the fluctuation velocities show differences. Space-time correlations at the region of interaction of the circulations obey the EA hypothesis, but reveal the anisotropy of the streamwise and vertical fluctuating motions.
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